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(54) LITHIUM BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the reaction of a positive electrode material 
with a nonaqueous electrolyte over a long period, and provide a lithium battery excellent 
in cycle characteristic in which the lowering of the service capacity is rninirnized even 
when charging and discharging are repeated by covering the particle surface of a lithium 
transition metal compound oxide used in a positive electrode with a compound 
containing lithium and boron. 

SOLUTION: This lithium battery has a positive electrode 1 using a lithium transition 
metal compound oxide, a negative electrode 2 using a lithium material or a material 
capable of storing and releasing lithium ion, and a nonaqueous electrolyte. At least a 
part of the particle surface of the lithium transition metal compound oxide used in the 
positive electrode 1 is covered with a compound containing lithium and boron. Thus, it 
is suppressed that the nonaquous electrolyte is reacted with the lithium transition metal 
compound oxide of the positive electrode and decomposed, and the drop of the service 
capacity is moderated to improve the cycle characteristic. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1 ] The lithium cell characterized by covering with the compound containing a lithium and boron a part of grain front face 
at least ] of the lithium transition-metals multiple oxide used for a positive electrode in the lithium cell equipped with the positive 
electrode using the lithium transition-metals multiple oxide, the negative electrode using the occlusion of a lithium material or a 
lithium ion, and the material which can be emitted, and nonaqueous electrolyte. 

[Claim 2] The lithium cell characterized by covering with the multiple oxide containing a lithium and boron a part of grain front 
face [ at least ] of the lithium transition-metals multiple oxide used for a positive electrode in the lithium cell indicated to the claim 
1. 

[0001] 
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DETAILED DESCRIPTION 



[Detailed description] 
[0002] 

[The technical field to which invention belongs] This invention relates to the lithium cell equipped with the positive electrode 
which used the lithium transition-metals multiple oxide, the negative electrode using the occlusion of a lithium material or a 
lithium ion, and the material which can be emitted, and nonaqueous electrolyte, and it is related with the lithium cell which 
improved the positive electrode using the lithium transition-metals multiple oxide. 
[0003] 

[Prior art] In recent years, as a new style rechargeable battery of high power and a high-energy density, nonaqueous electrolyte is 
used for the electrolytic solution and the lithium cell which was made to perform electric discharge and charge using oxidization 
of a lithium and the reduction came to be used. 

[0004] Here, as such a lithium cell, while using the occlusion of a lithium material or a lithium, and the material which can be 
emitted for a negative electrode, what used the lithium transition-metals multiple oxide containing a lithium and transition metals 
for the positive electrode is known. 

[0005] However, in the case of the conventional lithium cell which used the lithium transition-metals multiple oxide for the 
positive electrode in this way, at the time of the cycle which performs charge and discharge, it reacted with the lithium 
transition-metals multiple oxide which nonaqueous electrolyte used for the positive electrode, and decomposed, when carried out 
by repeating charge and discharge, electric discharge capacity fell gradually, and there was a problem that a cycle property was 
bad. 

[0006] For this reason, it is a titanium sulfide TiS2 about the front face of the lithium transition-metals multiple oxide used for a 
positive electrode also in the former. Molybdenum sulfide MoS2 It covers with a grade partially and suppressing that a lithium 
transition-metals multiple oxide and nonaqueous electrolyte react was developed. 

[0007] However, it is TiS2 in this way. MoS2 When the front face of a lithium transition-metals multiple oxide was covered and 
200 or more cycles of charges and discharges were performed although the reaction of a lithium transition-metals multiple oxide 
and nonaqueous electrolyte was suppressed to some extent, there was a problem that electric discharge capacity still fell by 
decomposition of nonaqueous electrolyte etc. 
[0008] 

[Object of the Invention] The positive electrode where this invention used the lithium transition-metals multiple oxide, and the 
occlusion of a lithium or a lithium ion and the negative electrode using the material which can be emitted, It is what makes it a 
technical probrem to solve the above problems in the lithium cell equipped with nonaqueous electrolyte. [ when that nonaqueous 
electrolyte reacts with the lithium transition-metals multiple oxide used for the positive electrode, and decomposes carries out by 
fully being suppressed and repeating charge and discharge ] Let it be a technical probrem for it to be rare for electric discharge 
capacity to fall gradually, and to obtain the lithium cell excellent in the cycle property which is stabilized over a long period of 
time and can be used. 
[0009] 

[The means for solving a technical problem] In the lithium cell in this invention, in order to solve the above technical probrems, 
in the lithium cell equipped with the positive electrode which used the lithium transition-metals multiple oxide, the negative 
electrode using the occlusion of a lithium material or a lithium ion, and the material which can be emitted, and nonaqueous 
electrolyte, a part of grain front face [ at least ] of the lithium transition-metals multiple oxide used for a positive electrode was 
covered with the compound containing a lithium and boron. 

[0010] And if a part of grain front face [ at least ] of the lithium transition-metals multiple oxide used for a positive electrode is 
covered with the compound containing a lithium and boron like the lithium cell in this invention [ when the reaction of this 
positive-electrode material and nonaqueous electrolyte carries out by coming to be suppressed over a long period of time, and 
repeating charge and discharge ] Nonaqueous electrolyte decomposes by the reaction with a positive-electrode material like 
before, that electric discharge capacity falls gradually decreases, and the lithium cell excellent in the cycle property comes to be 
obtained. 

[001 1] As a compound containing the lithium which covers the grain front face of a lithium transition-metals multiple oxide used 
for a positive electrode in the lithium cell in this invention here, and boron Although various compounds, such as a compound 
nitride containing a lithium and boron and a multiple oxide containing a lithium and boron, can be used It is desirable still 
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desirable to use the multiple oxide which contains a lithium and boron especially, and it is LiB02. Li2 B4 07 Using is desirable. 
It is thought that the direction of the multiple oxide containing a lithium and boron is excellent in the permeability of a lithium ion 
compared with the compound nitride containing a lithium and boron etc., a degradation of the positive-electrode material by 
charge and discharge etc. is suppressed, and the cycle property of this improves more. 

[0012] Moreover, if there are few amounts of the compound containing this lithium and boron in covering the front face of the 
above-mentioned lithium transition-metals multiple oxide with the compound which contains a lithium and boron in this way If 
the amount of the compound containing this lithium and boron increases too much while it becomes impossible to fully suppress 
decomposition of the nonaqueous electrolyte by the contact to a positive-electrode material and nonaqueous electrolyte etc. Since 
the occlusion of the lithium in the compound containing this lithium and boron itself and exudation capacity are low, the occlusion 
of the lithium as the whole positive electrode and exudation capacity decline and a cycle property also becomes bad, The amount 
of the compound which contains an above-mentioned lithium and above-mentioned boron preferably is made to become the 
0. 1 -20 mol domain of % to the lithium transition-metals multiple oxide used for a positive electrode. 

[0013] Moreover, in the lithium cell in this invention, the lithium transition-metals multiple oxide which can use what considers 
as the occlusion of a lithium ion and the material which can be emitted, and is generally conventionally used as a lithium 
transition-metals multiple oxide used as a positive-electrode material, for example, is expressed with the following structure 
expression (1) and (2) can be used. When the lithium transition-metals multiple oxide which is especially shown with the 
following structure expression (1) and which contains a lithium, nickel, and cobalt at least is used, since an occlusion and the 
capacity to emit are excellent in the lithium ion in this lithium transition-metals multiple oxide, the lithium cell which was more 
excellent in the cycle property is obtained, and comes and is desirable. 
[0014] 

Lix Niy Coz Ml-y-z Oa (1) 

They are at least one sort of elements with which M is chosen into this [structure expression (1) from B, Na, Mg, aluminum, Si, 
K, calcium, Sc, Ti, V, Cr, Mn, Fe, Cu, Zn, Ga, germanium, Zr, Nb, Ru, Ag, Ta, Bi, In, Mo, and W. x, y, z, and a are 0< x<1.3, 0.5 
<=y+z<=l, and 1.8<=a<=2.2, and x changes with charges and discharges ] 
[0015] 

Lix Fey Tiz Ml-y-z Oa (2) 

They are at least one sort of elements with which M is chosen into this [structure expression (2) from B, Na, Mg, aluminum, Si, 
K, calcium, Sc, V, Cr, Mn, Cu, Zn, Ga, germanium, Zr, Nb, Ru, Ag, Ta, Bi, In, Mo, W, Co, and nickel, x, y, z, and a are 0< 
x<1.3, 0.5 <=y+z<=l, and 1.8<=a<=2.2, and x changes with charges and discharges ] 

[0016] moreover, in the lithium cell in this invention, as a negative-electrode material used for a negative electrode Besides 
lithium alloys, such as a metal lithium, Li-aluminum, Li-In and Li-Sn, Li-Pb, Li-Bi, Li-Ga, Li-Sr, Li-Si, Li-Zn, Li-Cd, Li-calcium, 
and Li-Ba Carbon materials, such as an occlusion of a lithium ion, a graphite which can be emitted, corks, and the organic 
substance baking field, can be used. 

[0017] Moreover, the nonaqueous electrolyte currently generally used conventionally can be used as nonaqueous electrolyte used 
in the lithium cell in this invention. 

[0018] and — the solvent in this nonaqueous electrolyte ****** — organic solvents, such as propylene carbonate, ethylene 
carbonate, gamma-butyrolactone, dimethyl carbonate, dimethyl sulfoxide, an acetonitrile, butylene carbonate, 1, 
2-dimethoxyethane, and diethyl carbonate, — one sort — or two or more sorts can be combined and it can be used 
[001 9] Moreover, as a solute melted in the above-mentioned solvent in this nonaqueous electrolyte, they are trifluoromethane 
sulfonic-acid lithium LiCF3 S03, the hexafluoro phosphoric-acid lithium LiPF6, the lithium perchlorate LiC104, the tetrapod 
fluoroboric-acid lithium LiBF4, and the trifluoromethane sulfonic-acid imide lithium LiN(CF3 S02) 2, for example. The lithium 
compound of a grade can be used. 
[0020] 

[Example] Hereafter, about the lithium cell concerning this invention, while an example is given and explaining concretely, the 

lithium cell concerning the example of this invention gives the example of a comparison, and shows clearly that it excels in 

respect of a cycle property etc. In addition, the lithium cell in this invention is not limited to the thing of the example shown 

below, in the domain which does not change the summary, can be changed suitably and can be carried out. 

[0021] (Example 1) In the lithium cell in this example, while the positive electrode and negative electrode which were produced 

as follows were used, the lithium secondary battery which became the flat type whose thickness a diameter which is shown in 

drawing 1 is 24.0mm, and is 3.0mm was obtained using the nonaqueous electrolyte prepared as follows. 

[0022] If it hits producing [production of positive electrode] positive electrode, it is Li2 C03. Fe2 03 LiFe02 which heat-treats 

this mixture at 850 degrees C under the dry-air ambient atmosphere for 20 hours, this is in the Ishikawa type **s, grinds it in a 

mortar, and uses it for a positive-electrode material after that after making it the rate of a mole ratio 1 : 1 and making it mix in a 

mortar Powder was obtained. 

[0023] And this positive-electrode material LiF e02 Compound nitride Li3 BN2 which contains a lithium and boron in powder It 
is the positive-electrode material LiFe02 moreover. Powder and lithium boron compound nitride Li3BN2 As it becomes the rate 
of a mole ratio 10:1, after mixing, this mixture is heat-treated at 650 degrees C for 10 hours, and it is the above-mentioned 
positive-electrode material LiFe02. It is this lithium boron compound nitride Li3 BN2 about a powdered front face. It was made 
to cover. 

[0024] subsequently - such — positive-electrode material LiFe02 a powdered front face -- Li3 BN2 the covered material, the 
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acetylene black which is an electric conduction agent, and the polyvinylidene fluoride which is a binding agent -- the weight ratio 
90:6:4 -- comparatively -- coming out -- mixing - a positive electrode - a mixture adjusting -- this positive electrode - a 
mixture -- 2 t/cm2 After having pressurized by the pressure and casting to disc-like [ with a diameter of 20mm ], this was 
heat-treated at 250 degrees C for 2 hours, and the positive electrode was produced 

[0025] In producing [production of negative electrode] negative electrode, the rolling plate of the metal lithium of predetermined 
thickness was pierced to disc-like [ with a diameter of 20mm ], and the negative electrode was produced. 

[0026] The mixed solvent which mixed propylene carbonate and 1 and 2-dimethoxyethane by the volume ratio of 1 : 1 in preparing 
[manufacture of nonaqueous electrolyte] nonaqueous electrolyte is used, and it is a lithium perchlorate LiC104 as a solute to this 
mixed solvent. It was made to melt at a rate of one mol/1., and nonaqueous electrolyte was prepared. 
[0027] In producing [production of cell] cell As shown in drawing 1 , the separator 3 which made the above-mentioned 
nonaqueous electrolyte impregnate is put between the disk-like positive electrodes 1 and the negative electrodes 2 which were 
produced as mentioned above. These are made to hold in the cell can 4 formed of positive-electrode can 4a and negative-electrode 
can 4b. While connecting the positive electrode 1 to positive-electrode can 4a through collection **** 5 of positive electrodes, 
the negative electrode 2 was connected to negative-electrode can 4b through collection **** 6 of negative electrodes, this 
positive-electrode can 4a and negative-electrode can 4b were electrically insulated with the insulating packing 7 made from 
polypropylene, and the lithium secondary battery was produced. And the chemical energy produced inside this lithium secondary 
battery was taken out from the ends child of positive-electrode can 4a and negative-electrode can 4b to the exterior as electrical 
energy. 

[0028] (Example 1 of a comparison) LiFe02 produced like the above-mentioned example 1 as a positive-electrode material in 
producing a positive electrode in this example of a comparison While using powder, it is this positive-electrode material LiFe02. 
Lithium boron compound nitride Li3 BN2 of the above [ a powdered front face ] It was made not to cover, and, other than this, 
was alike, therefore the lithium secondary battery was produced like the above-mentioned example 1 . 

[0029] (Example 2) In this example, it hits producing a positive electrode, and is Li2 Co3. Ti02 As it became the rate of a mole 
ratio 1 :2, after making it mix within a mortar, LiTi02 which heat-treats this mixture at 850 degrees C under the dry-air ambient 
atmosphere for 20 hours, this is in the Ishikawa type **s, grinds it in a mortar, and uses it as a positive-electrode material after 
that Powder was obtained. 

[0030] And this positive-electrode material LiTi02 Powder and lithium boron compound nitride Li3 BN2 used in the 
above-mentioned example 1 After mixing at a rate of a mole ratio 10:1, this mixture is heat-treated at 650 degrees C for 10 hours, 
and it is the positive-electrode material LiTi02. It is lithium boron compound nitride Li3 BN2 about a powdered front face. It was 
made to cover, and, other than this, was alike, therefore the lithium secondary battery was produced like the above-mentioned 
example 1 . 

[003 1] (Example 2 of a comparison) LiTi02 obtained in the above-mentioned example 2 as a positive-electrode material in 
producing a positive electrode in this example of a comparison While using powder, it is this positive-electrode material LiTi02. 
Lithium boron compound nitride Li3 BN2 of the above [ a powdered front face ] It was made not to cover, and, other than this, 
was alike, therefore the lithium secondary battery was produced like the above-mentioned example 1 . 

[0032] (Example 3) In this example, it hits producing a positive electrode, and they are LiOH and nickel (OH)2 and Co (OH)2. 
As it becomes the rate of a mole ratio 2:1:1, after mixing within a mortar, LiNi0.5 Co0.5 02 which heat-treats this mixture at 750 
degrees C under the dry-air ambient atmosphere for 20 hours, this is in the Ishikawa type **s, grinds it in a mortar, and uses it as 
a positive-electrode material after that Powder was obtained. 

[0033] And this positive-electrode material LiNi0.5 Co0.5 02 Powder, Lithium boron compound nitride Li3 BN2 used in the 
above-mentioned example 1 After mixing at a rate of a mole ratio 10:1, this mixture is heat-treated at 650 degrees C for 10 hours. 
Above-mentioned positive-electrode material LiNi0.5Co0.5 02 It was made to make a powdered front face cover with lithium 
boron compound nitride Li3 BN, and, other than this, it was boiled, therefore the lithium secondary battery was produced like the 
above-mentioned example 1 . 

[0034] (Example 3 of a comparison) LiNi0.5 Co0.5 02 obtained in the above-mentioned example 3 as a positive-electrode 
material in producing a positive electrode in this example of a comparison While using powder This positive-electrode material 
LiNi0.5 Co0.5 02 It was made not to cover a powdered front face with lithium boron compound nitride Li3 BN2 of the above, 
and, other than this, it was boiled, therefore the lithium secondary battery was produced like the above-mentioned example 1 . 
[0035] Next, it is 2 the charging current density of ImA/cm, respectively about each lithium secondary battery of the 
above-mentioned examples 1-3 and the examples 1-3 of a comparison. Discharge current density 3mA/cm2 after making it 
charge to 4.3 V 250 cycle ******** cycle examination was performed for such charge and discharge, having made it discharge to 
2.5 V and having used this process as 1 cycle. And while the electric discharge capacity of each lithium secondary battery in 1 
cycle scale division was measured, the electric discharge capacity of each lithium secondary battery in 250 cycle scale division 
was measured, it asked for the rate (%) of a capacity degradation of the electric discharge capacity of 250 cycle scale division to 
the electric discharge capacity of 1 cycle scale division, and the result was shown in the following table 1 . 
[0036] 
[Table 1] 
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[0037] It is lithium boron compound nitride Li3 BN2 to the front face of each positive-electrode material which consists of a 
lithium transition-metals multiple oxide so that clearly from this result. Each lithium secondary battery of examples 1 -3 made to 
adhere Compared with each lithium secondary battery of the examples 1 -3 of a comparison which did not make lithium boron 
compound nitride Li3 BN2 adhere to the front face of each positive-electrode material, the rate of a capacity degradation becomes 
low. LiNi0.5 Co0.5 02 which is the multiple oxide which a cycle property improves, gets down and contains a lithium, nickel, 
and cobalt as a positive-electrode material especially When it used, the rate of a capacity degradation has decreased more and the 
cycle property was improving further. 

[0038] (Examples 4-8) LiNiO.5 Co0.5 02 used in the above-mentioned example 3 as a positive-electrode material in these 
examples as shown in the following table 2 Used powder, the modality of compound containing the lithium which covers the front 
face of this positive-electrode material, and boron was made to change, and, other than this, it was alike, therefore each lithium 
secondary battery was produced like the case of the above-mentioned example 1 . 

[0039] Above-mentioned positive-electrode material LiNiO.5 Co0.5 02 in here As shown in the following table 2 as covering 
material which covers a powdered front face It sets in the example 4 and is LiB3 05. In an example 5 Li2 B8 Ol 3 an example 6 
~ setting - Li4 B-2 05 an example 7 - setting - LiB02 It sets in the example 8 and is Li2 B4 07. It uses and is 
above-mentioned positive-electrode material LiNi0.5 Co0.5 02. As it becomes the rate of a mole ratio 10:1, respectively, after 1 
mixing powder and these lithium boron multiple oxides, This mixture is heat-treated at 650 degrees C for 10 hours, and it is I 
above-mentioned positive-electrode material LiNiO.5 Co0.5 02. It was made to make a powdered front face cover with each 
above-mentioned lithium boron compound nitride. 

[0040] And also about each lithium secondary battery of the examples 4-8 produced as mentioned above, like the aforementioned 
case, the cycle examination of charge and discharge was performed, it asked for the rate (%) of a capacity degradation of the 
electric discharge capacity of 250 cycle scale division to the electric discharge capacity of 1 cycle scale division, and the result 
was shown in the following table 2 together with the case of the lithium secondary battery of the above-mentioned example 3 . 
[0041] 
[Table 2] 
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[0042] To the compound containing the lithium which covers the front face of a positive-electrode material, and boron so that 
clearly from this result It is lithium boron compound nitride Li3 BN2 like the above-mentioned example 3. It compares, when it 
uses. The direction of the rate of a capacity degradation which used a lithium boron multiple oxide which is shown in examples 
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4-8 has decreased further, and it is LiB02 especially. Li2 B4 07 When it used, the rate of a capacity degradation has decreased 
very much, and the cycle property improved very much, 

[0043] (Examples 9-13) LiNiO.5 Co0.5 02 used in the above-mentioned example 3 as a positive-electrode material also in these 
examples as shown in the following table 2 LiB02 used in the above-mentioned example 7 as covering material which covers the 
front face of this positive-electrode material while using powder It was made to use it. 

[0044] And it sets in these examples and is above-mentioned LiNiO.5 CoO.5 02. Covering material LiB02 added to powder As 
shown in the following table 3, a mole ratio In the example 9, in 0.05 mol % and the example 10, by 0. 1 mol % and the example 
1 1 Two mol%, As it became 20 mol°/o in the example 1 2 and it became 22 mol% in the example 13, these were mixed, this 
mixture was heat-treated^L650^degeesC like the case of the above-mentioned example 7 for 10 hours, and, other than this, was 
boiled, therefore each lithium secondary battery was produced like the case of the above-mentioned example 1 . 
[0045] And also about each lithium secondary battery of the examples 9-13 produced as mentioned above, like the 
aforementioned case, the cycle examination of charge and discharge was performed, it asked for the rate (%) of a capacity 
degradation of the electric discharge capacity of 250 cycle scale division to the electric discharge capacity of 1 cycle scale 
division, and the result was shown in the following table 3 together with the case of the lithium secondary battery of the 
above-mentioned example 7. 
[0046] 
[Table 3] 
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[0047] LiNi0.5 Co0.5 02 which is a positive-electrode material so that clearly from this result It is a powdered front face LiB02 
When the amount of covering was made into the 0.1-20 mol domain of % in covering, the rate of a capacity degradation decreases 
very much, and the lithium secondary battery in which the cycle property was very excellent was obtained. 
[0048] 

[Effect of the invention] In a lithium cell [ in / as explained in full detail above / this invention ] Since a part of grain front face [ at 
least ] of the lithium transition-metals multiple oxide used for a positive electrode was covered with the compound containing a 
lithium and boron, When the reaction of this positive-electrode material and nonaqueous electrolyte etc. carries out by coming to 
be suppressed over a long period of time, and repeating charge and discharge, it is rare for electric discharge capacity to fall 
gradually like the conventional lithium cell, and the lithium cell excellent in the cycle property came to be obtained. 



[Translation done.] 



5 of 5 



7/9/0211:59 AM 



(19)0*Hfc1Sttf (JP) 02) & fft & (A) (ll)tttttfW&H*# 

#^¥9 -330720 

(43)&IHH ¥JS9^(1997)12E22H 

(5i)inta' mm** j?ftS£s## fi 8ffii»s®Bfr 

H0 1M 4/58 H0 1M 4/58 

4/02 4/02 C 

10/40 10/40 Z 



SSES* *HjJc W*«<DSC2 FD (£ 7 H) 


(21)ffiS## 


ftH¥8- 173055 


(71)fflSA 


000001889 












¥JS8^(1996) 6^110 










(72)|6W# 


±JB *^ 






















(72) §8^ 
























(72)35W# 










AKflWnTOR*fi2T15#5^ H 














(74)ft3SA 


«M SEW 











(54) [fsggw&sw u?^A«ffl 



(57) 

Wife D f)AlW^5 J: -5 fc-T * . 
flHte **tMfc6*rCl*« W:. 




07/09/2002, EAST Version: 1.03.0002 



(2) 

1 

t mxm 1 3 y a» aiwteiwisft * jb^*: i 

Sit. VWJJtmxti\)1-*rJ>.4*>mWM. ftffl* 1 
TOfctfBfcJti^fcJlSi:. #**W«i:*fll*fcyf- 
>7Afl:fte£i3UT . jEWcttJft*-* y f-?A*&£*« 
^KMfc*<oei s «iii^Kr< k , y f"?Afc« 

T, jEttfc^^4yf-^»SWMBI-&IWfcHi<0tt : F 10 
«ffl^Or< k t>HW*, 'J f">AkflH#k 

iwisnjt«« t fc i t tth y ^ *«ft. 

[0001] 
[00 02] 

mm-smtmm^ziEmt . y awto y 

^mm-smmzm u: y f>At»c 20 

[00 03] 

n&m&tLT. «?«ic^*uifiK*fflv\ y^A 

[0004] iit\ ClcO^d^yf-^A^ftt LT 

fiffityf-^^tmxtty-f^AwifiiSE, stas*^ 
zstsv^^w^mm^Mmzmifzhnm 30 
[0005] u^u i«Dj:5icjEStyf-^Aara^ 

JSS^tt?rffifflL3t^*<?)yf-^A®fiO^. ft 
fflofc y^A^AH»^IWbftkRJ6LT*»rU. 

[0006] ;<ofcA, flgatuv vc t> . jEafcttfflr 

i S2 ^BSEtt^ y 7r >M o S2 S"C«4Wfc*« U 40 

ntmkthZbimStelxk.. 

[00 07] b«»U ^OiofcTi S 2 ^MoS! X' 

y Ajg^jR«^»Hffi$r^ t fc*a , y 

[00 08] 

[jHB^nHfcUJ: ot-r mm] zafrnt* 50 
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=5rraiH$rS^1-|» i k feWit f * tor* 0 s 

A 9iV&&izffl\tz y A«feW»fcfi& J: a 
[0009] 

yf-^i»jKftW«^IM3**fflv^iEafc. 'J* 
fcJH^fcaSfc, **WW«i:&*ifcyf-^«ftt 

*jwc. jESfcftffl-r*yf">A3ra^wa^«fls*» 

fiH^IW^SK k y f"7Ak«5gk Sr-SftHb 

[00 10] *LT, itf>JMBfcfc»tSyf-^«6tf5 
J: o t, jEStflMB-t I. y f"7AM^Jia^K-ft:llso 

i6**swfc*>jt oTfPWjsfi* iac«r!i. sow** 

[0 0 1 1 ] ;;t, i«o»IHt*Jftsyf-^«lt: 

fcv^-c. i*tfflv^yf-^Aj»Am!^iWk«i«e 
^msawsyf-^AtuBisfc^^tjfli^fti: lt 
a, y^-^AtKtSr^-tf^M-fi:^, yf-^At 
w*b*istmmmi&M« wt-smzm-tz - 
btfx-z&tK «t» y^At«*fc**t»a^iM: 

«SJflV^4ii:*«ffat<.3CK:#4L<tt. Li BO 

2 -^Li 2 B4 0? $rfflV^it*^4LV^ ifiJi, 

y f"7 a k »k sr-frtra^mtwitfcJt^T s y f-^ 

Akil#k t*tr*^UMH»o*'*«y-f-'>A-f *y<oa 

«t'9^-<^/V#tt^|6l±1-|»t<Ok#i^l». 
[00 12] 4fc. iWjr-Jteyf-^AfciBRt^tf 
ft^Hit: J: ->x±.ii<r> y f-^ Ajg#^ais-^^t;^^ 
KWW*Kftfc5s ioy^^Akl*k$:^l: 
£tt«OJfe&<4«0rt ^ k , IE€i«^k #*Wffffi k 
J: fc^l^)»«o^»«:-HJ*:»»t* i b WX'% % 
£<oyf^Afci»fc**trtk£ft«>>*a< 
*< s arO-rsr*fc. ccoyf">Akffl«kSr^wb^* 
i^fc^ttiyf-^AofaK. stai«E^* s ffi< . iess^ 

^H*ttt)B<*4fcJ6. #*L<tis ±IBoy^Ak 
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< fcfc lmcDymX'h"), x, y, z&L<ali, 0<x 
<1. 3, 0. 5Syfzgl, 1. 8SaS2. 2T 

[0015] 
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[00 19] ifc, i^McWHIttJV^T. ±IS«J§ 

^y^*>^>Jf-^ALiCF 3 SOa , ^-^7^ 
tfnyyK'Jf-^AL i PFe , jSffigUUf-^AL i 
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[0020] 
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$ # 3 . 0 m mCDM^S Jt U f - >7 AZ&®f6£# 

[0022] [jESSOfBK] jE«if»-t& t ftfc-of 
14. Li 2 C0 3 tFei Os t£^/Wtl : 1 <?M^ 

izL.x^Mftiz&^xM&Zittiik. ioa-&»s(©i 

^m#H«T^i>V»-C 8 5 O-CT'2 OlSHBSflyiU £ 
<of£. £iifc5JiK£vvi&>vW+fcijvvttti*l/C, 
jEBWfitfltffl-f 4 L i F e O2 0)1»*fct»fc. 

[0023] %LX* <lcDIE«ffiL i F e O2 «5fiK 
'J^-7Akffl*^tf^SttLi3 BN2 
iEJKWRL i F e O2 »*fc 'Jf-^AlBRa^aflSftL 

13BN2 k^t^JtlO: 1 COSJ^-fc^S X 0 iZ LX 

m,^Lfz&. z<^s.^vn^6 5 0'cx'io^mm 

L. JJScOIEffiWML i Fe0 2 ffi^eo^SSrCl^'J't 
9AWR»£Sfl38JL i a BN2 -CtHIS-tfc. 
[0024] JJCV^. ^OJ: 0 KjEffitt^L iFeOi 

ttsiwOT^LiB bni x-mmztifrttnt* mm 

t'^Ur>k^aaJt9 0 : 6 : Acnm^X^LXlE 

x^m,xw^2^^<mwm,zm.Ltdk. zti* 

2 5 0 °CT 2 ^HS^SS LXiEmZfm Ltz . 
[0025] flttfcflslW-SKifcfc-aT 

t±. Bf^^<7)^-SUf-'7At0flEE^^B@2 0mmC0 

[00261 [#*«8??&7>f]5S] ^McQMffi^illK- 

StftfeoTJi. 7-atri^y^-^-hk 1 , 2-->' 
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[0027] [HiftWfBK] «6*#l«-*fc&fc-3T 
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jE& 1 £1^**5 ^l/CiEffiffi4 afc««S-£S 
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$-t*\ CL^ES^afc^fMbtSr^yTnt'l^ 
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ffi<50rtSST'tt?t€^X^ d f-SrjE^4 atmffiffi 
4 b 0>fi8Sfftf> £>m^x*/l^- 1 LXtHttWL 0 ffi-f 

[0028] ( JH8W 1 ) £«Jfc«Wfc*ttvcuu lEfi 
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*H=OV^Ttt. ±KSI*Wl fcPMtfcl/tyf- ->AZ<K 
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BN2 TSaR-fr, *<iJ3»Hcr3V»Tli. 

[0031] (ttlKW2 ) £OJHBWfci3Vvai, lEfi 
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L i T i O2 «^^Hfc±E^y 
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[00323 (^sfiW3 ) z^mmmiza^xit. 
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Xffl$-f& L i N i o. 5 Co 0.5 0 2 
[00333 -tl/t. C!COiEffi*ff4LiNio.5 Co 
0.5 O2 ±IB<7)|lfiEMlt'fflv^ , J-?-^AS8S 
1&&Sfl3BjLi 3 BN2 fcfc^/HtlO: lCDfJ^-t-a 

i«fi^WS:6 5 0iC-C10^iaBR«BlL 
T . JhfBWiEffiWftL i N i 0.5C o». 5 O2 
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3t=U fWto^TIt -fcfEIStWl fcRWIfcL 
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20 [00343 (JfcKW3 ) CflittWWcfcVvCtt, IE® 
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iOIEffiftiPfL L N i 0. 5 C 00. 6 O2 $;fc<9*lffi£± 
Koy f-*A«*K£Bfl3*L i 3 BN2T'$£L&v> 

[00353 ±tBOHMffl 1 ~3&tfit®0iJ 1 ~ 

3<o#y-f>idjjcWBtcov^r, ^n^n^iss^ 

IlmA/cm' T'4. 3 V£T'3frt$-£fc&, 2tS?®t 
30 aMfjJE3mA/cm* T2. 5V4TJW**s t»X 

2 5o-9->f ^Bt*Jt4#yf->^zac« 
425 ot>--< ^/pa^awsios^-fb* (%) 

46. *<?Dte*£TiE0>Sllc^U£. 
[00363 
[*1 3 
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£J8v>*J:3fcU <rojEfi§#$0^ffi£«g-f & y-f- 30 -t<^)IS**s JJE«^ltW3 

fco^Ttt. ±ISjlfSffll^^£l^flH~LT#y-f'> fc. 

AZ?£«?fc£#Sg U: . [0041 ] 

[00 39] .T.rT\ JjecOlSW^L i N i 0.5 Co [*I2 ] 

0.6 02 »*<^w*afflwss8BmfcLT, tib«o* 
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[0043] (iatM9~l 3) itittfDSUtWCiJV^ 

«OHJfi^3ti3^TffifflLfeLiNio.5 Coo.s O2 

flfifc UTs ±IEWieK^7 fciiVvtJflV*fcL i BO2 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To suppress the reaction of a positive electrode 
material with a nonaqueous electrolyte over a long period, and provide a lithium 
battery excellent in cycle characteristic in which the lowering of the service 
capacity is minimized even when charging and discharging are repeated by 
covering the particle surface of a lithium transition metal compound oxide used in 
a positive electrode with a compound containing lithium and boron. 

SOLUTION: This lithium battery has a positive electrode 1 using a lithium 
transition metal compound oxide, a negative electrode 2 using a lithium material 
or a material capable of storing and releasing lithium ion, and a nonaqueous 
electrolyte. At least a part of the particle surface of the lithium transition metal 
compound oxide used in the positive electrode 1 is covered with a compound 
containing lithium and boron. Thus, it is suppressed that the nonaquous 
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electrolyte is reacted with the lithium transition metal compound oxide of the 
positive electrode and decomposed, and the drop of the service capacity is 
moderated to improve the cycle characteristic. 
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